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Stress Intensity Factors under Mode 111 Loadings 
Abstract - This study presents a numerical investigation on the stress intensity factors (SIF) 
obtained under pure torsion loadings or mode 111. ANSYS finite element analysis (FEA) was used 
to determine the SIFs along the crack fiont of surface cracks embedded in the solid circular bars. 
20-node isoparametric singular elements were used around the crack tip by shifting the mid-side 
node %-position close to a crack tip. Different crack aspect ratio, d b  were used ranging between 
0.0 to 1.2 and relative crack depth, d D  were ranged between 0.1 to 0.6. Mode I SIF, KI obtained 
under bending moment was used to validate the proposed model and it was assumed that this 
proposed model was validated for analyzing mode 111 problems. It was found that, the FII and FIII 
were dependent on the crack geometries and the behavior of crack growth were also dependent on 
d b  and dD.  Copyright O 2009 Praise Worthy Prize S.r.Z. -All rights reserved. 
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I. Introduction 
Cylindrical solid bars or shafts have enormous number of 
applications in engineering practices especially to 
transmit power from one point to another. It is subjected 
to the torsion loadings for such purposes. Under a certain 
circumstance, the shaft failure could occur mainly due to 
the mechanical [l, 21 and material or environmental 
defects [3, 41. Therefore, the crack initiation takes the 
opportunity to start at these sites and any shape of the 
initiated cracks will take the semi-elliptical shape [5]. 
These crack shapes and geometries are used in this work 
to extract the stress intensity factors (SIFs). According to 
the literature surveys, it is hard to find the SIF under 
torsion loading, KIU [6, 71. This type of SIF is important 
to be studied in order to analyze the crack behavior under 
torsion. Therefore in this present work, the SIFs under 
torsion loadings will be studied and analyzed. Several 
important crack geometries are taken into the 
consideration such as the crack aspect ratio, d b  and the 
relative crack depth, d D .  The distributions of SlFs along 
the crack front are then numerically calculated using 
ANSYS finite element analysis software. 
11. Finite Element Modeling 
The circular cross-section of the component with a 
surface crack is shown in Fig. 1. The geometry of the 
crack can be described by the relative crack depth, d D  
and the crack aspect ratio, d b  where a is a maximum 
crack depth or minor axis of the ellipse, b is a major axis 
of the ellipse and h is a crack width. Any arbitrary points 
on the crack fiont can also be normalized as follow, x/h. 
The outer diameter of the cylinder, D  is 50 mm and the 
total length, l is 200 mm. The linear elastic material 
properties, Young's modulus, E = 222 GPa and Poisson 
ratio,v = 0.3 are used. Due to the non-symmetrical 
analysis involved, a full finite element model is 
constructed where the surface crack is situated in the 
middle location of the cylinder. The finite element (FE) 
model is developed using ANSYS software and special 
attention is given at the crack tip by employing 20-node 
iso-parametric brick elements8. The square-root 
singularity of stresses and strains is modeled by shifting 
the mid-point nodes to the quarter-point locations in the 
region around the crack fiont as shown in Fig. 2. The 
detail of fmite element model is shown in Fig. 3.  In order 
to remotely applied loadings to the component, an 
independent node is created and rigid element or multi- 
point constraint (MPC) is used to connect the nodes at 
the circumferential line at the end of the component to the 
independent node. Fig. 4 shows the technique of 
constructing the independent node connected to the 
model using rigid beam element. Torsion moment, T, and 
bending moment, Mz are separately applied to this 
independent node. 
Fig. 1 Nomenclature of semi-elliptical crack 
Manuscript received Janualy 2013, revised March 2013 Copyright O 2013 Praise Wbrthy Prize S.r.1. -All rights reserved 


A.E. Ismail, A.K. Arzfin, S. Abdullah, M.J Ghazali 
0.0 
0.1 0.2 0.3 0.4 0.5 0.6 
a/lD 
Fig. 7 Effect of FuI on the d D  for different a/b 
Fig. 8 Full finite element model under pure torsion 
Fig. 9 Aerial view of the crack under pure torsion 
Therefore under pure torsion loading, several patterns of 
crack propagations are numerically expected to evolve. 
For the cracks which have d b  < 0.3 the maximum KID 
occurred at the d h  = 0.0, indicating that the crack 
initiated at this site producing deeper crack depth. While 
for the case d b  > 0.3, the maximum crack has occurred 
at the outer edge of the bar indicating that the crack 
initiated at the site. It will produce flaten-shaped crack. 
This is due to the maximum FIII will generate faster crack 
growth relative to the mini~~~um Fm The behavior of FIII 
obtained at x/h = 0.0 for different crack aspect ratio, d b  
are plotted in Fig. 7. For this particular position, the 
maximum FIU attained for the d D  = 0.1 and the minimum 
FIII occurred at the d D  = 0.6 relatively. This is to 
conform the crack evolution that can be obtained during 
the crack growth under the torsion loadings. Fig. 8(a) 
shows the full finite element model subjected to the pure 
torsion loading and Fig. 8(b) shows the enlarged area A 
revealed the stress distribution around the crack with an 
insignificant plastic deformation. While Fig. 9(a) shows 
the aerial view of the crack revealing that the crack faces 
are completely closed with element distortion. The 
enlarged view of Fig. 8(b) and Fig. 9(b) also revealed the 
mymmetrical stress distributions to emphasis the 
important to develop a 111 finite element model in order 
to analyze the response of torsion loadings. 
IV. Conclusion 
In this paper, the stress intensity factors (SIF) were 
obtained using ANSYS finite element method (FEM) for 
surface cracks in round bars which was subjected to 
torsion loadings. For the surface crack under 
considerations, the crack aspect ratio, d b  was varied 
between 0.0 and 1.2, while the relative crack depth, a/b 
was also varied between 0.1 and 0.6. The SIFs were 
determined for several points along the crack front which 
was characterized by a normalized coordinate, x/h. The 
proposed model was validated through the comparison 
with the results for mode I SIF, KI, since lack of mode I11 
SF ,  Km results available in the literature. It was observed 
that under mode III loading instead of producing Km, it 
also induced mode TI SIF, Kn. Results showed that at the 
deepest point on the crack £i-ont (x/h = 0.0), the KII was 
almost zero but it increased gradually when the points 
reached the outer surface of the bar. The behavior of KIII 
was strongly depend on the a/b, d D  and x/h and 
therefore producing different crack evolution during the 
crack growth under torsion loadings. 
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